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(54) 2.SUBSTITUTED BENZIMIDAZOLES 

(71) We, A. a ROBINS COMPANY, INCORPORATED, a Corporation 
organised and existing under the Laws of the State of Virginia, United States of 
America, of 1407 Cummings Drive, Richmond, Virginia 23220, United States of 
America, do hereby declare the invention, for which we pray that a patent may be 
5 granted to us, and the method by which it is to be performed, to be particularly des- 
cribed in and by the following statement:— 

The present invention idates to 2-substituted benzmudazolcs and provides cer- 
a novel compounds of this type, processes for preparing them, compositions contain- 




ing them and methods of usmg sudi compounds and compositions. 
The compounds according to die invention have the formula: 



Formula I 

1 R represents lower-alkyi, phenyl, phenoxy-lower-alkyi, lowcr-alkoxy-phenoxy- 

lower-alkyl or l,4-ben2odioxan-2-ytaiethyl; and n is 1 or 2. The invention also em- 
braces add addition salts of the compounds of Formula I. 

As used herein, the following terms have the meanings indicated. 
The term "lower-alkyr means stxaigjit or branched chained alkyl radicals of up 
to eight carbon atoms inclusive. 'Xower-alkoxy" has the fonnula -0-Iower-alkyl. 

The compounds (including acid addition salts) of the invention generally exhibit 
pharmacologi<^ activity, in particular as analgetics and tranquilizers. The analgetic 
and tranquilizing activiQr of the compounds was determined by standard laboratory 
procedures vriiich indicate diat when compounds are tested under such procedures the 
results show die compounds to be active as analgetics and tranquilizers. In particular, 
the compounds of Fonnula I, wherein « is 1, namely 2-(l-substitnted-3-pyrrolidinyl)- 
benzimidazoles, e.g. 2-(l-lower-alkyl-3-pyrrolidinyl)benzimidazoles, arc analgetics while 
compounds of Formula I, wherein « is 2, namely 2-(l-substitutcd-4-piperidinyl)benz- 
tmickzoles, are tranquilizers. The analgetic activity was determined by the method of 
P. Nilsen, Acta. Pharmacol. ToxicoL 18, 10 (1961). The tranquilizing activity vims 
determined by die metiiod of DaVanzo, J. P. et al, Psychopharmacologia 9, 210 
(1966). 

Useful add addition salts may be derived from mineral adds, such as hydrochloric 
add, hydrobromic add, hydroiodic add, nitric add, sulphuric acid, and phosphoric 
add; and organic acids such as dtric add, lactic add, fumaric add, maleic add, and 
tartaric add. The preferred add addition salt is hydrodiloride. 

The acid addition salts may be prepared ddier by dissolving the free base in an 
aqueous solution containing the appropriate add and isolating the salt by evaporating 
the solution, or by reacting the free base and the selected add in an organic solvent, 
in which case the salt ordinarily separates direcdy or can be recovered by concentra- 
tion of the solution or other conventional methods. Conversely, the free base may be 
obtained by neutralizing the acid addition salt with an appropriate base such as 
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MMonia, ammonmm hydroxide or sodium carbonate, extracting the liberated base 
to d^ess or fractionally distrflmg, or in some other conventional manner. 



H 
II) 



m "is ' in 

wherein R and « are as delmed above and X is halogen or — NfCH,),. 

Patent 33189^8 '^fi"^^'?^^*/"™'^ " P«=P"ed as described in U.S. 

. J^' PIi ^^^"^ m concentrated mineral add, iUHstrativdy hydro- 

S?°r t^°^„ r'^'^ "^"^ « » temperature in the range of about 

fi^ r^tS! ^' a concenoation of about one gram of the cyanopyrrolidine to about 
^J:Jf^^ °^ tiic selected mineral add is satisfactory. A solution of o-phmylene- 
t^rj^"^^ '^'^ "^"^ ^ to the mixture and the rJullS- 
Ku^S,!^^ "'■^'^ temperature for a period of from alS^To o fbout 
flv^ -'^ °^J^>^^ gas, for example, nitrogen, can be employed The re- 

or^S^^r^"^!^' ?°dic solution b^ed usiSg I dilute a^S^M sok- 
Fo^uL? -^Sl^^^ ammonium hydroxide to piedpitate tiie novel compound of 

•> a £rel^^K.''"^J",?"P^? ^ compounds of Fonnula I, wherdn » is 
a hetenoQ'cbc carboxylic aad of Formula IV, iUustratively isompecotic addwid an 
equivalent quantity of o-phenylencdiamine is refluxed in rsdtabte^2^S^,43 
S'Th^ft '"'r a pSodTfitlbStTATu't 

riL „ is basic using a dUute aqueous a&Si mIu 

aon or concentrated ammonium hydroxide whidi cau^ p^'nftaX^Ttwi^^' 
hTfir?"" correspondmg to Foriiula V. Tlie cn^SSua fe coS 
by atration and crystalhzed from a suitable solvent or s^vent sylSi^ SJS 

Z foSjSatte^ ^ -^'^ reaSc^o^toS! 23^ 

of certain compounds according to die tavmtio? '^^"^^ preparation 
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1 1 

2-{4-Piperi&iyl)beii2jmidazole. 
A solutiwi of 10.8 g. (0.1 mole) of o-phenylencdiaminc, 12.9 g. (0.1 mole) of 
isonipecotic add and 80 mL of 6N hydrochloric add was refluxed 16 hours, cooled 
and die solution made basic using concentrated ammonium hydroxide. The crystalline 
product widxh separated was collected by filtration and dried. The crude compound 
was dissolved in a hot henzenc-isopropanol mixture, charcoal added, tiie solution filtered 
and the filtrate treated with isooctane. The viave product which crystallized weighed 
92 g. (46% yield) and melted with decomposition at 238— 240''C 

Example 1 
2-(l-Ethyl-3-pyrrolidinyl)benziinidazolc. 
A solution of l-ethyl-3-cyanopyrrolidlne (24.8 g., 020 mole) in 162 g. of concen- 
trated hydrochloric acid was refluxed four hours and then a solution of o-^enylenc- 
diamine (16.2 g., 0.15 mole) in 250 ml. of 5% hydrochloric acid was added to die 
reaction mixture. The mixture was refluxed 16 hours, cooled and made basic with 
concentrated ammonium hydroxide. The product which separated from the aqueous 
basic solution was collected by filtration and reciystallized from a water-medianol mix- 
rare. ITie compound weighed 10 g. (34% yield) and melted at 184— ISe^C After re- 



Analysis: 

Calculated for Ci.H.jNa: Q 72.52; H, 7.96; N, 19.52 
Found: C, 72.55; H, 7.91; N, 19.62 

Pharmacology: The analgetic ED^ in mice was calculated to be 14.5 mg./kg. 
intraperitoneally from the pharmacological data obtained using the Standard Test pro- 
cedure of Nilsea 

Example 2 

2- { 1- I2-(o-Mcthoxyphenoxy)cthyl] -4-piperidinyl}bcnzinudazoIe. 
A mixture of 10.1 g. (0.05 mole) of 2-{4-piperidinyl)benzimida2ol^ 11.6 g. (0.05 
mole) of 2-o-methoxyphenoxy)ethylbromide, 20 g. of potassium carbonate and 100 ml. 
of ethanol was refluxed for 60 hours. The suspension was cooled, 200 ml. of water 
added and the mixture extra ted with lienzene. The benzene solution was concentrated 
and the residue reciystallized several times from a benzene-isopropyl ether mixture. 
The white ride compound weighed 8.2 g. (46% yield) and melted widi dccomposi- 
uon at 202— 204''C 

Analysis: 

Calculated for Q,H:i=NsO.: C, 71.77; H, 7.17; N, 11.96 
Found: C, 71.91; H, 7.08; N, 12.00 



2- [ l-(l,4-Ben2odioxan-2-yhnethyl)-4-piperidinyI] benzimidazole. 
A mixture of 10.1 g. (0.05 mole) of 2-(4-piperidinyl)ben2imidazole, 9.2 g. (0.05 
mole) of 2-dilonjmcthyl-l,4-bcn2odioxane, 20 g. of potassium carbonate and 100 ml. 
of 2-butanol was refluxed 72 hours. After die suspension was cooled and filtered, the 
filtrate was concentrated at reduced prcssurt A hot mctiianol-watcr solution of the 
residue was treated witii charcoal and filttsred. The product which separated from the 
cooled filtrate melted at 196— 200''C. and wdghed 7.2 g. (41% yield). The pure title 
compound melted at 204— 206°C. after it was recrystallized from a benzene-isooctane 
mixrare. 

Analysis: 

Calculated for Q.,HaN-0.: C, 72.18; H, 6,63; N, 12.03 
Found: C, 72.20; H, 6.58; N, 12.11 

Example 4 

2- [ l-(2-Phenoxyethyl)-4-piperidmyl]benzimidazole. 
A mucture of 10.1 g. (0.05 mole) of 2-(4-piperidinyl)ben2imida2o!e, 10.1 g. (0.05 
mole) of 2-phenoxyethyl bromide, 20 g. of potassium carbonate and 100 mL of ethanol 
was refluxed 16 hours. The cooled mixture was treated witii 100 ml. of water The 
white solid vMch separated was recrystallized im'tially from medianol-water and finally 
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from benzene-isooctane. The title compound which weighed 9.2 g. (57% yield) softened 
at ca. 210''C and melted with decomposition at 214 — ^216°C 

Analysis: 

C, 74.74; H, 7.21; N, 13.07 
C, 74.81; H, 7.35; N, 13.16 

The compounds according to die invention may be associated with a pharmaceud- 
cal carrier or excipient to form pharmaceutical compositions. The compounds are thus 
presented m a form suitable for oral or parenteral administration. Thus, for example, 
compositions for oral administration are soKd or liquid and can take the form of 
capsules, tablets, coated tablets or suspensions employing carriers or excipient con- 
venientiy used in the pharmaceutical art Suitable tabledng exdpients include lactose, 
potato and maize stardies, talc, gelatin and stearic and salicylic adds, magneshmi 
stearate, and polyvinylpyrrolidone. 

For parenteral administration the carrier or excipient can be a sterile, parenterally 
acceptable liquid, e.g., water, or a parenterally acceptable oil, e.g., arachis oO, con- 
tained in ampoules. 

Although very small quantities of the active materials of the present invention 
are effective when minor dierapy is involved or in cases of administration to subjects 
having a relatively low body weight, unit dosages are usually five milligrams or above, 
and preferably 25, 50, or 100 milligrams or even higher, depending, of course, upon 
the emergency of the situation and the particular result desin^. Five to 50 mOligrams 
appear optimum per unit dose, vi^iile usual broader ranges appear to be one to 500 
milh'grams per unit dose. The active agents of the invention may be combined with 
other pharmacological active agents, or with buffers or antacids, for administration 
and the proportion of die active agent in the composition may be varied widely. It is 
only necessary that the active ingredient constitutes an effective amount, i.e., sudi that 
a suitable effective dosage will be obtamed consistent with the dosage form employed. 

Examples of compositions are given as follows. 

Example Formulations 

(1) Capsules 

Capsules of 5 mg., 25 mg., and 50 mg. of active ingredient per capsule are pre- 
pared. 

Typical blend for encapsulation: Per Capsule, mg. 

Active ingredient, as salt 5.0 

Lactose 295.7 

Starch 129.0 

iViagnesium stearate 4.3 

Total 435.0 

Uniformly blend die selected active ingredient with lactose, starch and magnesium 
stearate and encapsulate the blend. 

(2) Tablets 

A typical formulation for a tabkt containing 5.0 mg. of active ingredient per tablet 
follows. The formulation may be used for otiier strengtiis of active ingredient by adjust- 
ment of weight of dicalcium phosphate. 

/,^ « . . . Per Tablet, mg. 

''^ AcuvE mgredient, as salt 5.0 

Com starch 13.6 

Com starch (paste) 3.4 

Lactose 79.2 

Dicalcium phosphate 68.0 

Calcium stearate o.9 



Uniformly blend (1),(2), (4), and (5). Prepare (3) as a 10% paste in water. Granu- 
late the blend with starci paste and pass the wet mass dirougfa an ei^t mesh screen. 
The wet granulation is dried and azed tiirough a twelve mesh screen. The dried 
granules are blended with the calcium stearate and compressed. 
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(3) Injectable— 2% sterDe solution 

Per cc. 

Active ingredient mg. 20 

Preservative, eg., chlorobutanol percent wL/vol. 0.5 

5 Water for injection q.s. 5 

Prepare solution, clarify by filtration, fill into vials, seal, and autoclave. 



WHAT WE CLAIM IS: — 
1. Compounds of the formula: 




H 



10 wherein R represents lower-alkyl, phenyl, phenoxy-lower-alkyl, lower-alkoxy-phenoxy- 10 
lonrer-alkyl or l,4-benzodioxan-2-]fhiiethyl; and n is 1 or 2. 

2. 2-(l-Lower-alkyl-3-pyrrolidinyl)benzimidazoles. 

3. 2-('l-EAyl-3-pyrrolidinyl)benzinMda2ole. 

4. 2-{ 1- [2-(o-Methoxyphenoxy)ethyl] -4-piperidinyl } benzimidazole. 

15 S. 2- il-(l>4-Benzodioxan-2-yiinethyl)-4-piperidinyl] benzimidazole. 15 

6. 2-[l.(2-Phenoxyetiiyl)-4-piperidinyl]benzimidazole. 

7. Acid addition salts of compounds as claimed in any of the preceding claims. 

8. A process for the preparation of compounds as daimed in Qaim 1 whidi com- 
prises the steps of: 

20 (1) hydrolyzing a heterocydic compoimd of die formula 20 



wherein R is as defined in Claim 1; and 

(2) condensing the heterocydic carboxylic add prepared in step (1) with 0- 
phenylene diamine. 

25 9. A process for the preparation of compounds as claimed in Claim 1 which com- 

prises the steps of 

(1) condensing o-phenylene diamine with a heterocydic carboxylic add of the 
formula 



30 to give a compound of die fonnula 
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H 

(2) allgrlating the compound prepared in step (1) widi a compound having the 
fonnula RX wherein R is as defined in Qaim 1 and X is a halogen or the dimediyl- 
amino radical 

35 10. A process for preparing compounds as claimed in Claim 1 and add addition 

salts thereof, substantially as described in any of Examples 1 to 4. 
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11. Compounds according to Gaim 1 ^ich have been prepared by a process as 
claimed in any of Qaims 8 to 10. 

12. A pharmaceutical composition in unit dosage form and useful for its analgetic 
effect, comprising (a) from 1 to 500 milligrams of a compound (or non-toxic add addi- 
tion salt thereof) as daimed in any of Qaims 1 to 7 or 11, and (b) a pbarmaceudcally 
acceptable carrier therefor. 

KILBURN & STRODE, 
Chartered Patent Agents, 
Agents for the Applicants. 



nr&ich copies may ba obtained.' 



